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TITLE OF THE INVENTION 

Method for manufacturing quarto — glaoo — ingot and a 
manufacturing apparatus 

METHOD FOR MANUFACTURING QUARTZ GLASS INGOT 
AND A MANUFACTURING APPARATUS 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 
The present invention relates to a method for 
manufacturing a quartz glass ingot, especially for 
manufacturing a quartz glass slab ingot, and further 
relates to a method for manufacturing a round bar or 
gplatc a plate quartz glass ingot containing OH, which is 
useful as a material for semi— conductor manufacturing 
equipment - 

Further_^ the present invention relates to a quartz 
glass burner installed in a quartz glass manufacturing 
apparatus . 

PRIOR ARTS 

There are many methods for manufacturing a quartz 
glass ingot by fusing silica powder, in which the heat is 
supplied by a flame of hydrogen-oxygen or a flame of 
propane-oxygen, an arc, or by a^i-electric heat. In 
general, as shown in Japanese patent Sho46-42111 (1971- 
42111 , B2 , JP) , a quartz glass ingot is manufactured by 
fusing silica powder, depositing the fused silica on a 
rotating target, lowering the target gradually at a 
constant speed, and quenching the fused silica thereby 
forming a ohcll — like coulomb shell-like column ingot on 
the target- As disclosed in Kokai Hei 04-325425, (1992- 
325425, JP, A) , silica powder is fused by a plasma arc and 
the fused silica is deposited on a rotating table, then a 
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Goulomb column quartz glass ingot is formed on the 
rotating table. Either of the finished quartz glass 
ingot has a form of a coulomb column . 

In Kokai Sho 47-41640 (1972-41640, A, JP) , or in Kokai 
52-145422 (1977-145422, a, JP) , there is disclosed a method 
of manufacturing * a round bar quartz glass directly by 
fusing silica powder without a secondary heating process 
of a quartz glass ingot, in which silica powder is 
introduced into a furnace, bcing f used therein and then 
fused silica boing is withdrawn from the bottom of the 
furnace continuously. The heat source of these methods 
is an electric heater disposed inside or outside the 
furnace . 

A conventional method of manufacturing a round bar 
or a rectangular bar by using an oxygen-hydrogen flame as 
a heat source jr &involves , first manufacturing a quartz 
glass ingot with an oxygen-hydrogen flame, then drilling 
a core glass mechanically from the ingot, or as disclosed 
in Kokai Sho 48-12319 ( 1973-12319, A, JP) , a 

prcvioully previously formed quartz glass cylinder, which 
is placed in a case, is heated in an induction furnace or 
in a Tanman furnace at 2000 dGgrcc degrees centigrade, 
bcing melted, and withdrawn from a nozzle to obtain a 
round bar or a rectangular bar. The conventional methods 
require a^secondary process, therefore the process is 
called a two-step-manufacturing method. 

In addition, in the methods of manufacturing a 
quartz glass by utilizing a flame as a heat source, it is 
not preferable to use a metal burner, because the metal 
burner releases a metal vapor or metal oxide which become 
impurities e^in the quartz glass, 

A propane gas may be used for the flame fusing 
method of manufacturing quartz glass, but from a view 
point of the purity of the quartz glass, arcontrol of the 
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atmosphere of the furnace or arquality of the quartz 
glass, the oxygen-hydrogen flame manufacturing method is 
superior to the propane gas method. 

DETAILED EXPLANATION OF THE INVENTION 
A quartz glass, which is chemically inactive, 
especially a quartz glass manufactured by fusing silica 
powder with by an oxygen-hydrogen hydrolysis method_^ is 
widely used in semiconductor industries because it has a 
high heat durability compared with a synthesized quartz 
glass. A oizc of the — Dcmiconductor wafer bccomcQ The 
sizes of semiconductor wafers become bigger and bigger 
cvcry each year for product ivity product ion of the 
semiconductor devices, consequently the , a larger sized 
quartz glass ingot is required. 

— thc The quartz glass ingot manufactured by the 
prior arts is mostly a coulomb column ingot and the 
ooction sectional area of the ingot is not large enough 
for the production of the large sized semiconductor 
devices . 

Also_j_ in the conventional method of manufacturing a 
quartz glass by fusing silica powder with an electric 
heater, if the size of the machines become very large, 
bubbles likely remain in the manufactured quartz glass 
ingot. Further_^ the amount of the impurities are much 
larger than the one manufactured by the oxygen-hydrogen 
flame method . 

Quartz glass used for production of the 
semiconductor devices is sometimes required to 
Gontain have a high OH content depending on the purpose of 
the use. But the quartz glass manufactured by the 
electric heat fuoc f using method contains less OH, merely 
10 ppm at a maximum. It is not preferable to dorp dope OH 



3 



Marked-Up Substitute Specification U.S. Serial No. 09/863 11 



after the production, because the manufacturing process 
becomes complex. 

For solving these problems, it is long hoped to 
provide a new method utilizing the oxygen-hydrogen flame 
method which enables ^t ethe manufacture of quartz glass 
with a shape of an elongated bar containing about 200 ppm 
of OH. 

In the oxygen-hydrogen flame method, different from 
the electric heater fuoo f using method in which the 
electric heater can be disposed around the closed 
furnace, it is difficult to control the atmosphere of the 
furnace because the silica powder is directly fused by 
the oxygen-hydrogen flame and the furnace can not cannot 
be closed. The furnace materials and a nozzle for 
withdrawing the quartz glass are worn out in a short time 
because the oxygen-hydrogen flame is produced in an 
atmospheric condition thcn where the atmosphere of the 
furnace becomes ojcygcn condition oxidative , consequently 
it is difficult to operate the furnace continuously for a 
long period. 

Further, with respect to the withdrawing process, 
the quartz glass product is withdrawn from the nozzle by 
thc gravity and is received by a basket, therefore it is 
also difficult to control the temperature of the furnace 
and the fused quartz glass is formed into a desired shape 
after the withdrawal from the furnace and being cooled, 
the shape of the product is limited and the accuracy of 
the product is not sufficient. 

In the conventional burner of the silica furnace, 
since silica powder is not supplied into the furnace 
through a center of the burner but through several 
distributing channol channels with a carrier gas, for 
instance hydrogen gas, it is possible to supply a 
larg large amount of the silica powder into the furnace 



4 



Marked-Up Substitute Specification U.S. Serial No. 09/863 7 

and applicable to enlarging the scale of the quartz glass 
ingot , 

For the purpose of producing a further large-scale 
quartz glass ingot, enlarging a diameter of the outer 
case of the burner or enlarging the oxygen or hydrogen 
nozzle diameter is needed to thereby incrcaGing increase 
the amount of supplied silica powder, oxygen and 
hydrogen . 

But according to the structure of the conventional 
burner as shown in FIG. 15, the hydrogen gas flows out 
directly from the periphery of the outer casing toward a 
focus point (convergence point) which is comparatively a 
long distance for mixing with an oxygen gas flowing out 
from the oxygen gas nozzles disposed inside the outer 
casing , 

As the gas mixing range is rather long, both gases 
disperse and the mixing rate becomes low, consequently^^ 
all the gases are not converted to heat energy which 
leads to a large energy loss. The focus point of the 
oxygen gas and the hydrogen gas mixture becomes a small 
area spot on the producing ingot surface, especially in 
the case if a large scale quartz glass into, therefore 
making it 4rs-dif f icult to prepare a uniform fusion area - 

To raise the heat efficiency of the oxygen-hydrogen 
flame, a spot having comparatively wide area near the 
outer casing edge is selected. For instance, the spot is 
60 mm ({) and manuf Qctur ing the quartz glass ingot 
manufactured by fusing the silica powder with the oxygen- 
hydrogen flame. But the surface temperature of the ingot 
does not reach high enough, and the fused spot area 
becomes double circled and the inside of the ingot turns 
to bc blackish as a result of deficiency of fusion- 

In addition, in the conventional burner, a -the flow 
of the silica powder interferes with the flow of the 
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hydrogen gas, and if a -the diameter of the quartz glass 
ingot exceeds 400 mm, and a supply rate of the silica 
powder is increased, the hydrogen gas flow ie- 
turbulatcd becomes turbulent , which prevents a— uniform 
dispersion of the silica powder into the oxygen-hydrogen 
gas mixtureT-j_ Then^ the silica powder is not fused 
uniformly and bubbles are generated inoidcd inside the 
fused quartz glass which damages the quality of the 
quartz glass. B yFor these reasons, a simple enlargement 
of the scale of the burner has a limit. 

An objective of this invention is to manufacture a 
large quartz glass ingot directly by fusing silica powder 
without fusing a coulomb column ingot with secondary 
hat ing hea ting . 

Another objective is to provide a method and an 
apparatus for manufacturing a round bar or desired 
section bar quartz glass containing a certain amount of 
OH continuously. 

Another objective of this invention is to provide a 
burner for manufacturing large scale quartz glass ingots 
with at a high productivity, effectively fusing silica 
powder without generating bubbles inside the ingot. 



Additional features and advantages of the invention 
will be set forth in the description, which follows, and 
in part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and 
other advantages of the invention will be realized and 
attained by the structure particularly pointed out in the 
written description and claims hereof as well as the 
appended drawings . 

To achieve these and other advantages and in 
accordance with the purpose of the present invention, a 
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method for manufacturing a quartz glass slab ingot 
comprising the steps of depositing a-fused silica at the 
center of a rotating furnace, heating the deposited fused 
silica and extending the silica toward the periphery of 
the furnace thereby obtaining a large scale slab ingot 
conforming to the occton section of the furnace.— 

And qA quartz glass slab ingot manufacturing 
apparatus includes a rotating furnace having a silica 
supply means and heating means at a ceiling of the 
furnace . 

In another aspect of the instant invention, a method 
for manufacturing aran elongated bar quartz glass in a 
flame hydrolysis reaction comprises the steps of 
withdrawing fused silica having a section identical with 
an opening of a nozzle disposed at the bottom of the 
furnace. When withdrawing the fused silica from the 
opening of the nozzle, a dummy member made of quartz 
glass boing is inserted into the opening of the nozzle, 
adhering the quartz glass to the dummy member, 
withdrawing the dummy with fused silica in the furnace 
downwardly, maintaining a tension while withdrawing 
thereby obtaining an elongated bar quartz glass ingot » 

Further, ocaling the nozzle is sealed from the inside 
atmosphere of the furnace by placing a quartz glass plate 
between the upper part of the nozzle and the furnace bed, 
and the nozzle is projected inside the furnace for 
preventing a -the formation of bubbles at the surface of 
the quartz glass ingot. 

AThe diameter of the quartz glass bar withdrawn from 
the furnace is controlled by the opening area of the 
nozzle and a ^the opening area of the furnace brick placed 
under the nozzle. 

To obtain a relatively high OH containing quartz 
glass ingot stably, ^ftthe oxygen-hydrogen ratio io placed 
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hydrogen qxcqoo — ratio has excess hydrogen compared with 
the chemical theoretical ratio for maintaining the 
furnace atmosphere a-s — rcduction under a reducing 
condition . 

By adopting the oxygen-hydrogen flame method, it is 
possible to manufacture highly purified quartz glass 
containing having a relatively high OH content and less 
bubbles as compared with the one manufactured by the 
electric heating method, and the oxygen-hydrogen flame 
method comprising the steps of supplying silica powder 
continuously, fusing the silica powder with the clean 
oxygen-hydrogen flame_^ which prevents contamination from 
the heat source, and depositing the fused silica. 

As the quartz glass plate is placed between the 
upper part of the nozzle and the bottom of the furnace 
for sealing the furnace_^ thereby preventing the air 
flowing into the furnace through the nozzle, an 
exhaustion of the furnace materials by the oxidation 
atmosphere and aloo prGvcnting prevention of the 
fluctuation of the gas pressure and the furnace 
temperature occur , consequently stabilizing the quality 
of the products - 

A hollow quartz glass is withdrawn continuously from 
the bottom of the furnace through a heat — rcGiatant heat- 
resistant material nozzle having an opening conforming to 
the hollow structure of the quartz glass ingot. The 
heat-resistant materials for the nozzle of this invention 
should not chemically react with the fused quartz glass, 
for instance the material may be selected from platinum, 
tungsten, molybdenum, zirconia, carbon or boron nitride. 
The atmosphere of the inner furnace is kept reduction * 
condition, under a reducing condition and wearing of the 
nozzle part which contacts with the fused silica is 
almost suppressed. Under these conditions, the raw 
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materials of the nozzles for a simple configuration or 
low accuracy quartz glass product may be carbon. Dut For 
a quartz product with an acute angle, complex 
configuration or with a high accuracy, a_carbon material 
is not preferable as the raw material because the 
continuous operation of the furnace damages the carbon or 
graphite nozzle and wearing of the nozzle brings about 
the accuracy problems. It is preferable to use tungsten 
or molybdenum having a high melting temperature and much 
more preferable to use the heat rcsiotant heat-resistant 
materials having a quartz glass coating. 

Regardless to say, it is preferable to use highly 
purified materials containing looo low amounts of alkali 
metals, which damage the quality of the quartz glass with 
a little amount. The quartz glass plate for sealing the 
furnace from the outside atmosphereT — worko Qo_ not only 
works a shutter for an oxidation atmosphere but also as 
arheat insulation by scf - lining a seft -lining effect and 
preventing contamination of the quartz glass product o 

Further_^ the bottom of the furnace is a layer of 
aluminum bricks, and the side walls comprise silicate 
carbon bricks or zirconia bricks. The out oidc Qut side the 
side walls thcrc is provided a double heat insulation wall 
comprising e#porous aluminum bricks and aluminum bricks. 
The furnace ceiling comprises o#aluminum bricks, porous 
aluminum bricks or zirconia bricks having heat — rooiotant 
fcQtur c heat -resist ant features in which a hole for the 
burner is formed . 

As the furnace bottom is exposed to heat radiated 
from the burner at the top ceiling, it is preferable to 
apply Zr02-Sio2 series zircon bricks, or heat 
rcoiotant heat-resistant high mclt m elting point metals, 
such as zirconia, tungsten or molybdenum. However the 
zircon bricks react with the fused silica upon contact. 
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like the aluminum bricks, the surface of the bricks 
should be covered with zirconia particles which is easily 
parted from the surface. And f ur the r Further , the furnace 
bottom is covered with the quartz glass plate forming a 
double layer structure. 

Moreover, if the furnace bottom material reacts with 
the quartz glass_^ which causes devitrification and it ilo 
likely , it is likely that bubbles are generated „ These 
bubbles are so called bottom bubbles, and if many bottom 
bubbles are formed, they are taken into a rthe quartz glass 
whilc being withdrawn from the furnace. And 
Gonocqucntly , Consequently, the surface of the quartz 
glass product has open bubbles, which become craters on 
the quartz glass surface. To prevent this drawback, the 
nozzles are preferably projected to inside the furnace. 

The difference between the diameter of the product 
and the nozzle is in inverse proportion e#to the area of 
the opening of the bricks disposed under the nozzleT — 
It is possible to manufacture different diameter products 
only by changing the area of the opening while the nozzle 
diameter is constant. The best combination of the nozzle 
diameter and the opening is determined depending on the 
diameter of the final product. 

When the fused silica is withdrawn from the nozzle 
hole disposed at the bottom of the furnace, a quartz 
glass dummy member placed at the top of the lift is 
inserted into the nozzle hole, then the fused silica 
adheres to the dummy member. Pulling the dummy member 
downward, fused silica is forced to go down continuously 
through the nozzle with the tension, the shape of the 
silica glass product— is more accurate conforming to the 
shape of the nozzle hole than the conventional method, in 
which the fused silica flows down through the nozzle by 
gravity . 



10 



Marked-Up Substitute Specification U.S. Serial No. 09/863 7 

The product section configuration will bc has a 
variety of options, for instance, not only a round 
section but also a plate section, a star section or 
other another special section configuration quartz glass 
product is obtained. For instance, a combination of a 
curved section, a straight line section or an acute angle 
section, which are considered to be impossible by the 
conventional method, can be manufactured by this 
invention . 

A coolant gas is introduced into the furnace through 
the bottom hole of the furnace, and exhausting the inner 
gas from the upper gap_^ 

A coolant gas is injected into the furnace through a 
coolant nozzle disposed at the bottom of the furnace. 
The coolant gas cool cools the periphery of the fused 
silica which is cooled and solidified prior to the 
solidification of the center core of the fused silica 
just before withdrawn from the nozzle and the solidified 
top is forcedly withdrawn through the nozzle with the 
adhered dummy member. Then the solidified top part is 
formed into the similar form of the nozzle hole section 
continuously thereby the solid quartz glass is obtained. 

As described above, a solid quartz glass having a 
desired form similar to the section of the nozzle hole is 
continuously and stably manufactured with high accuracy. 

An exhaust gas generated by a reaction between the 
oxygen-hydrogen gas flame and the silica powder remains 
in the furnaceT — which and is discharged through an 
exhaust channel v/ith and the coolant gas is introduced 
into the furnace from the furnace bottomT — thcrcby^ ^ 
Thereby, the gas flow inside the furnace 

otabili zG stabili zes the furnace temperature and Icccp keeps 
the atmosphere of the furnace quite clean. 
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The atmosphere of the furnace should be kept 
rcduction at a reducing condition, the coolant gas is 
preferably selected from inert gases, for instance, 
nitrogen, argon, or helium. From the view point of 
preventing the furnace members from cxhauotion being 
exhausted by oxidation, a mixturc m ixed gas of hydrogen 
and argon is a preferable coolant gas- 

Further_j_ the coolant gas is selected considering the 
material of the nozzle, as the coolant gas does react 
with the nozzle material at a very high temperature.— 

The coolant gas is preferably purified by filtering 
and the purified gas flow inside the furnace is 
considered to be a kind of gas curtain which prevents the 
invasion of impurities from the furnace materials into 
the quartz glass while manufacturing. 

In this specification, a longitudinal quartz glass 
includes a round bar, a square bar, a plate, a bar having 
a special section, such as a star section, and further 
includes a cylindrical hollow bar manufactured by placing 
nozzles in a circle arrangement. 

A burner used for this method comprising a hydrogen 
supply tube, oxygen supply tube and a silica powder 
supply tube, which is preferably a quartz glass burner 
from the view point of the purity of the product. And 
thc The number or the capacity of the burner is determined 
considering the product specification, e-dimension of the 
furnace, enozzle formation and e ^amount of the silica 
supplied and determining the required heat capacity 
conditions. An oub burncr A sub-burner may be installed 
other than in addition to a main burner and supplies heat 
to melt the deposited silica. 

The burners are installed such that at the opening 
of the ceiling, the top of the burner -i 
pro j Gctinq pro j ects from the ceiling. 
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The burner comprises a^^a tapered outer casing whcrCj ^^ 
an oxygen gas chamber disposed at an enlarged portion, 
oxygen gas nozzles disposed at the lower end of the 
oxygen gas chamberT — a and silica powder supplying nozzles 
disposed between the outer casing and the oxygen gas 
chamber. The hydrogen gas is supplied along the outer 
wall of the oxygen gas chamber so that the hydrogen gas 
flows and is dispersed uniformly and the burner is 
applicable for manufacturing a large scale high quality 
quartz glass ingot. 

The silica powder supply nozzles are spaced 
equidistantly and arrayed concent ri el y concentrically 
along the periphery of the outer casing so that the 
hydrogen gas flow is not prevented by the silica powder 
supply nozzles as with the conventional ones, and the 
silica powder is supplied uniformly. 

The oxygen gas nozzles are also spaced equidistantly 
and arrayed concent ricly concentrically at the bottom of 
the oxygen gas chamber and a part of the hydrogen gas is 
introduced between the oxygen gas nozzles for mixing the 
two gases near the outlets of the oxygen gas nozzles for 
preventing the excess of the oxygen gas at the 
xcntc r eenter of the burner and forming a uniform oxygen- 
hydrogen flame. 

And f urt her Further , a hydrogen gas guide plate is 
disposed between the oxygen gas nozzles and inner wall of 
the outer casing, a part of the hydrogen gas is deflected 
toward the center of the burner, and the hydrogen gas is 
led between the oxygen gas nozzles. 

For the purpose of mixing the oxygen gas and the 
hydrogen gas, the oxygen supply tube is formed as a 
coaxial double tube and the hydrogen supply tube is 
placed in each passage of the oxygen gas tube. 
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A ring f or m ring-f orm hydrogen gas chamber is 
connected to the hydrogen supply tube, from which the 
hydrogen gas is supplied to the outer casing along the 
outer wall of the oxygen gas chamber and the oxygen and 
hydrogen is-are mixed uniformly in the outer casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention 
and together with the description serve to explain the 
principles of the invention. 

FIG. 1 shows a front view of a quartz glass 
manufacturing furnace of the present invention; 

FIG. 2 shows a front view of the furnace equipped 
with an oub burnor a sub-burner ; 

FIGo 3 shows a front view of a round bar 
manuf acturing_£_ 

FIG. 4 shows the fused silica in the furnace of the 
present invention—; 

FIG. 5 
f urnace—_£_ 

FIG. 6 
plate quart 

FIG. 7 
manuf acturi 

FIG. 8 
manuf acturi 
apparatus— _^ 

FIG. 9 
embodiment 

FIG. 1 

FIG. 1 



shows a withdrawing apparatus and the 

shows a bottom of a furnace for producing 
z glass— 

shows a sectional view of an apparatus for 
ng a cylinder quartz glass— 

shows a front view of the apparatus for 
ng a cylinder quartz glass and a withdrawing 

shows a front view of an cmbodimont — 3 ra first 
of a burner—^ 

0 shows a plane view of the burner-r-_£. 

1 shows a bottom view of the burner—; 
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FIG- 12 shows a bird-eye view of an ciribodimcnt 2 a. 
second embodiment of the burner— ^ 

FIG- 13 shows a front sectional view of e«: 
embodiment — 3 -a third embodiment of the burner— j_ 

FIG- 14 shows a plane view of the third embodiment 
-3-of the burner— _^ 

FIG. 15 shows a front view of a burner of the prior 

art - 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the 
preferred embodiments of the present invention, examples 
of which are illustrated in the accompanying drawings. 

As ohocn shown in Fig. 1, Aa furnace 1 is placed on a 
rotatable frame 11 on which aluminum bricks are arrayed 
and a-sidewalls 4 are erected with carbon silicate bricks 
conforming to a shape of the manuf acturing manuf actured 
quartz glass ingot. Outside the sidewalls 4, aluminum 
porous bricks and aluminum bricks are placed in double 
forming to form a double wall 41 for heat insulation. A 
top of the furnace is open to the air and a ceiling 2 is 
hung over the furnace 1 with a space S so that the 
furnace 1 can rotate independently - 

The ceiling 2 consists of heat rcoiot ant heat- 
resistant materials, such as aluminum bricks, porous 
bricks or zirconia bricks and has openings for installing 
burners and an observation window. 

The materials for the furnace construction, a 
magnesia refractory, such as MgO bricks or Mgo-Al203 
bricks, and a basic refractory, such as CaO are not 
applicable as arfurnace materials, because they are not 
durable against the high temperature temperatures while 
melting the quartz glass and react with melted quartz 
glass very heavily. 
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Also, a neutral refractory, such as AI2O3 has enough 
hcQt — rcGiotant heat-resistant property for quartz glass 
manufacturing, but it reacts with melted quartz glass 
heavily, it is not applicable to the members of the 
furnace where contacting with the melted quartz glass 
directly o 

On the other hand, a silicon carbide refractory is a 
proper material for the furnace side wall because it has 
a high heat durable property and a high strength, and the 
fused quartz glass does not stick to it. Amongst the 
silicon carbide rof ractory ref ractories , a silicon carbide 
brick made of silicon oxide or silicon nitride as a 
binder is preferable and silicon nit rado nit ride bonded 
carbon nitr idc silicon carbide brick (SiC 80%, SiN 4Si3N4 
20%) is more preferable. 

The surfaces of the bricks used for construction of 
the furnace 1 are burnt at a high temperature prior to 
the construction for removing metal impurities romaincd 
on tho remaining on its surfaces. And oma 11 Small 
particles on the brick surface act as a gas generating 
agent and cauoco cause a devitrification of the quartz 
glass, they should be completely removed before the 
construction by burning the surface. 

A furnace bed 3 is exposed to heat radiated from the 
burner, the surface of the bed is preferably constructed 
with high heat durable Ar02-Si02 type zircon bricks. But 
zircon bricks react with the fused silica strongly if it 
contacts directly with the fused silica like aluminum 
bricks, the manufacturing product may be broken or it 
becomes very difficult to withdraw the product f orm f rom 
the furnace. So zirconia particles of 2 to 10 mm in 
diameter having good heat durability and are laid slightly 
upon the surface of the furnace bed 3 so that the quartz 
glass product is easily withdrawn. As the zirconia is 
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laid go a in the form of a particle, it reduces the 
influences of thermal expansion difference problems when 
heating and cooling. 

Silica powder, a raw material of the quartz glass, 
are silica stone, silica sand, quartz powder or silica 
powder prepared by hydrolyzing silicon alcoxide under the 
existence of hydrochloric acid or ammonium as a catalyst, 
and sintering. Silica powder is also prepared by 
reacting an alkali metal silicate solution with an acid 
and sintering the generated silica. 

Silica powder is preferably 40 to 250 mesh, more 
preferably 80 to 100 mesh and the supply speed is 
selected from 1.0 to 20 Kg/Hr depending on the 
specification of the product, for instance, transparent 
or opaque, use, and formation of the product. 

When manufacturing an ingot with a_special section 
with a better surface condition, the supply speed may be 
2 to 5 Kg/Hr, considering productivity □ 

If the quartz glass product is opaque, silicon 
nitride powder is added to the silica powder as a gas- 
generating agent. 

A conventional quartz glass burner as shown in 
Fig. 15, comprising supply tubes for oxygen 502 and 
hydrogen 503 and a supply tube for silica powder 504 may 
be applicable ' but a burner shown in Fig. 9 to Fig. 14 is 
recommended as the silica powder is properly fused. 

The burner 5 is installed projecting from the 
ceiling 2 as shown in Fig. 1 and Fig. 2 in an opening 
disposed at the ceiling bricks. 

As shown in Fig. 2, one or a plurality of oub 
burner sub-burners 52 is installed other than a main 
burner 51, in case the scale of the product, depending on 
the area of the furnace, is large and the heat supplied 
by the main burner 51 is not considered to be enough for 
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fusing the large scale ingot. The oub burner sub-burner 
52 supplies heat for melting the fused and deposited 
silica on the furnace bed 3 and extending the deposited 
silica outwardly, toward the side walls 4 - 

The flame direction of the oub burner sub-burner 52 
is not only vertical but also an oblique setting is 
allowed for distributing the heat uniformly in the 
furnace. For this purpose, oub bur nor o sub-burners 52,52 
may be arranged around the main burner 51. 

The oub burner sub-burner 52 is preferably 
declincd inc lined 5 to 15 dogrcQ degrees with respect to 
the rotation direction of the furnace for preventing a 
disturbance or an interference of the flame between the 
burners . 

On the surface of the furnace bed 3, zirconia 
particles are laid 10 mm thick for preventing ardirect 
contact of the fused silica and with the furnace bed 
bricks. If the fused silica contacts with the furnace 
bed bricks, the quartz glass may cracko, — thc crack. The 
thickness of the zirconia particle layer is determined 
depending on the surface condition of the furnace bed 3. 

The ceiling 2 is hung over the furnace 1 with the 
space gap S so that the ceiling is independent from the 
rotation of the furnace 1. The main burner 51 or oub 
burncro — ^sub-burners 52, if necessary^ are installed in 
the opening disposed in ceiling bricks and a hydrogen gas 
and an oxygen gas supply pipes are connected to the 
burners 5. Silica powder supply pipe from a supply 
hopper (not shown) is connected to the silica supply tube 
504 of the main burner 51. A vibration apparatus (not 
shown) is installed in the silica powder supply system 
for preventing e — otack b lockage of the powder. 

Igniting the main burner 51 and the oub burncr sub- 
burner 52, the furnace 1 is rotated at a rate of 2 to 10 
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rpm. The furnace 1 is pre-heated for 1 to 3 hours prior 
to the operation, if necessary, for removing impurities 
and small debris on the furnace bricks. 

The silica powder is supplied from the hopper to the 
main burner 51 by a powder supply system and fused in the 
furnace 1. The silica powder drops on the center of the 
furnace bed 3 from the ceiling 2, is fused by the heat 
from the burner and e -the heat capacity of the fused 
silica and the fused silica is deposited while flowing 
and extending toward the side walls 4 of the furnace 1. 
The center of the furnace is maintained at 2000°C, higher 
than a -the melting point of the quartz glass, by the 
burners 51, 52, and as the furnace 1 is rotating, the 
fused silica extends toward the outward of the furnace as 
the fused silica is deposited. 

The quartz glass ingot is manufactured as the 
deposited fused silica flows and extends, less bubble 
Gontaining bubble- containing quartz glass ingot is 
obtained. Essentially, in the conventional flame 
hydrolysis method for manufacturing quartz glass ingot, 
silica powder is continuously dropped and fused by the 
heat from the burner and the heat capacity of the fused 
silica, less bubble -containing ingot is obtained compared 
with the electrical heat furnace method. But in the 
conventional flame hydrolysis method, if the heat 
capacity decreased, then the silica powder particles are 
not completely fused, spaces between the particles remain 
in the ingot and probably become bubbles in the ingot. 
On the other hand, according to the method of the present 
invention, the spaces between the particles are filled 
while the fused silica flows and extends outwardly_^ 
consequently^^ less bubble containing bubble -containing 
quartz glass ingot is obtained- 
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The furnace is automatically lowered as the 
deposited fused silica grows and a- the distance between 
the main burner and the top of the deposited fused silica 
is constantly controlled conotant . Further^ the furnace 
may be shook laterally 50 to 150 mm to assist the smooth 
extension of the fused silica. As shown in Fig. 2, the 
furnace is driven by the two electric motors, one is for 
revolution and the other is for rotation, the furnace is 
consequently shook laterally . 

The fused silica roach reaches the side walls 4 as 
the consequence of the extension movement, and an ingot 
conform to the section of the furnace 1 is formed. For 
instance, if the furnace walls are arranged as a 
rectangular rectangle of 100 mm x 100 mm, then 300 mm 
thick rectangular quartz glass ingot can be obtained- If 
the wall bricks are arranged as polygon or circular, 
polygon ingot or circular ingot is obtained respectively. 

When the predetermined amount of silica powder is 
supplied to the burner and deposited, the silica powder 
supply system is stopped but the heating is continued 
until the center top of the deposit having a shape of a 
mound becomes almost flat. 

After extinguishing the burners, the furnace 
rotation is stopped and the side walls of the furnace are 
removed to take out the manufactured quartz glass ingot. 

Before removing the side walls, the ingot may be 
annealed for several hours with the heat of the burners, 
thereby the strata of the center area of the ingot 
becomes thinner, and consequently the refractive index 
uniformity Ari of the ingot is greatly improved. 



Embodiment 2 

As shown in Fig. 3 and Fig. 4, a main burner 51 and 
a oub burner sub-burner 52 (not shown) are installed in 
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openings disposed in the ceiling 2, and hydrogen and 
oxygen supply pipes are connected to the burners. Silica 
powder is supplied from the silica hopper (not shown) 
through the silica supply pipe. A vibrating apparatus is 
attached to the silica powder supply system for 
preventing the — otuck blockage . 

The furnace ceiling 2 and the furnace bed 3 consist 
of zirconia bricks and the side wall is of a double wall 
construction consisting of zirconia bricks and aluminum 
bricks - 

A tungsten nozzle 6 is installed projecting to the 
inner furnace at the furnace bed 3, and under the nozzle 
6, a (|) 100 mm opening is disposed, a -the diameter of the 
nozzle is adjusted to form a product diameter of 4 1 mm. 
A 5 mm thick quartz glass plate 7 is placed upon the 
nozzle 6 for closing the nozzle hole. 

Igniting the main burner 51 and the oub burncr sub- 
burner 52, preheating the furnace for 1 to 2 hours, then 
starting a supply of the silica powder with by a silica 
powder supply system (not shown) to the main burner 51, 
The silica powder drops from the ceiling 2 to the center 
part of the furnace bed 3 and the fused silica deposits 
and extends toward the side walls, Inside_^ the center 
furnace is heated up to 2000°C, higher than a -the melting 
point of the quartz glass by the flame generated by the 
main burner 51 and the oub bur nor sub-burner 52. The 
ceiling is independent from the side walls, so that the 
furnace can be rotated and the deposit of the fused 
silica extends toward the side walls of the furnace » 

The quartz glass plate 7 becomes soft and starts 
sinking. When the sinking is — rcachGd to reaches a 
predetermined amount, a dummy member 11 placed at a top 
of the lift disposed under the furnace is inserted into 
the nozzle hole 6 furnace synchronizing the rotation of 
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the furnace, adhcring the dummy member 11 is adhered to 
the fused silica ingot with the quartz glass plate 7, 
then lovjcring the dummy member 11 is lowered to withdraw 
the quartz glass ingot through the ingot generating a 
tension within the ingot. As shown in Fig. 5, a 
withdrawn quartz glass bar is lowered with tension, being 
guided by the stabilizing rollers 12, bcing cut at a 
predetermined length by a cutter (not shown) and 
bcing stored . 

At this moment, as shown in Fig. 4, hydrogen gas is 
introduced in to into the furnace via a coolant nozzle 8 
and discharged through an exit 9 thereby adjusting the 
viscosity of the fused quartz glass at the bottom of the 
furnace for stabilizing continuous withdrala withdrawal of 
the quartz glass bar. 

When the predetermined amount of the silica powder 
is supplied, the supply system is stopped and the burner 
is extinguished by stopping the supply of hydrogen and 
oxygen. 600 Kg of silica powder is supplied, a_41 mm (j) 
solid round bar of 163 m long, 496 Kg weight is 
manufactured for 508 hours operation. AThe deviation of 
the diameter of the round bar product is only 1 mm e ^f or 
a high accuracy. 

Embodiment 3 

As shown in Fig. 6, a plane view of the furnace 1, 
the size of the tungsten nozzle 6 is 200 (mm) x 8 (mm) , 
OQCt ion sectional area of the furnace is 460 mm x 230 mm, 
the coolant gas is hydrogen, and the furnace and the lif 
-3HS- lift are not rotated and other conditions are same as 
the embodiment 3^ 

With the supply of 320 Kg silica powder, -j-a 200 mm x 
7 mm section quartz glass plate of 102 m long and 292 Kg 
weight is obtained for 255 hours operation. 
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The deviation of the thickness and side length of 
the quartz glass plate product is within 1 mm per 1000 mm 
withdrawal of the product. 

Embodiment 4 

As shown in Fig. 7 and Fig. 8, an inner nozzle 61 is 
installed inside the nozzle 6 for a purpose of 
manufacturing a hollow cylinder quartz glass. The inner 
nozzle is supported from underneath the furnace for 
settling the inner nozzle 61 at the center of the nozzle 
hole. It is preferable to adopt an electric motor rather 
than a hydraulic or air driven means for the lift, 
because the heat from the furnace influences the 
operation. The outer nozzle 6 is made of 
zircona zirconia , and a zirconia member disposed at the 
top of the support means 70 is placed at the center of 
the nozzle hole to form the inner nozzle 61. The fused 
silica in the furnace is withdrawn between the outer 
nozzle and the inner nozzle to form a cylinder quartz 
glass o 

The coolant gas for cooling the quartz glass is 
nitrogen gas. While withdrawing the quartz glass by 
chucking the quartz glass with a scroll chuck, the 
furnace 1 is rotated and the dummy member at the top of 
the lift and the inner nozzle 61 supported by the support 
means 70 are rotated synchronizing the furnace rotation. 
To reduce the load bearing on the support means 70 and to 
maintain the rigidity of the product, when the 
predetermined length of the cylinder quartz is withdrawn, 
the support means 70 is lowered to take out the product, 
then the support means 70 is moved upward to support the 
cylindrical product for the next withdrawal. 

Instead of up and down operation of the support 
means 70, a telescopic means for supporting the inner 
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nozzle 61 may be adaptablQ adopted , The inner nozzle 61 
is detachably installed at the top of the support means, 
a different hollow section ingot can be obtained by 
changing the shape of the inner nozzle member . 

As a result of a long time operation/ two cylinder 
quartz glass ingot ingots (([) 525 mm x ^ 435 mm x 1500 mm) 
are obtained. 

Following is a detailed explanation of the burner 
adaptable to the method of this invention. 

Burner Example 1 

As shown in Fig. 9, a burner made of quartz glass 
comprises an outer casing 501 in which a tapered oxygen 
gas chamber 520 is disposed, a hydrogen supply tube 503, 
an oxygen supply tube 502, a silica powder supply tube 
504, and oxygen gas nozzles 521 disposed at the lower end 
of the oxygen gas chamber 520. 

Tubes 502-504 are tied with reinforcement bars for 
providing a rigidity_^ The oxygen gas supply tube 502 is 
connected to the tapered oxygen chamber 520, the edge of 
the oxygen gas chamber 520 extends to a middle of the 
outer casing 501, and as shown in Fig. 11, the oxygen gas 
nozzles 521 are spaced equidistantly and arrayed 
concent ri el y concentrically at the bottom of the oxygen 
gas chamber 520 and the oxygen gas nozzles 521 extend to 
the edge of the outer casing 501. 

The hydrogen gas supply tube 503 is connected to a 
ring chamber 530 from which distributing pipes extend and 
the supplied hydrogen gas is distributed to the oxygen 
gas nozzles 521 along the outer wall of the oxygen gas 
chamber 520. 

The silica powder supply tube 504 is connected to a 
ring chamber 54 0 like the hydrogen supply tube, and as 
shown in Fig. 10, four distributing pipes are connected 
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to silica powder nozzles 541 which are equidistantly 
arrayed on a circle inside the outer casing 501. The 
edges of the silica powder nozzles extend to a middle of 
the outer casing 501^: — And , and further, a hydrogen gas 
guide plate 505 is disposed between the most outer oxygen 
gas nozzle 521 and the silica powder nozzle and is 
dcclincd inclined to the center of the outer casing 501 
for guiding the hydrogen gas toward the center of the 
burner_o_ 

The oxygen gas is introduced into the tapered oxygen 
gas chamber 520 from the oxygen gas supply tube 502, so 
the velocity of the oxygen gas flow decreases smoothly, 
the oxygen gas pressure is maintained at the same level, 
consequently^ the oxygen gas is injected constantly and 
stably from the oxygen gas nozzles 521 which are arranged 
concentrically , 

The hydrogen gas is introduced into the ring chamber 
530 from the hydrogen gas supply tube 503, being divided 
uniformly, colliding against the inclined wall 522 of the 
oxygen gas chamber 520, flowing downward toward the 
periphery of the outer casing along the wall 522 while 
reducing the velocity smoothly— _^ 

A part of the hydrogen gas flowing down the inclined 
wall 522 is deflected by the hydrogen gas guide 505 
toward the center of the burner, flowing down between the 
oxygen gas nozzles 521 and being ejected into the air 
from the edge of the outer casing 501. 

The silica powder, raw material of the quartz glass 
ingot, is supplied through the silica supply tube 504 to 
the ring chamber 540, being distributed uniformly toward 
the periphery of the outer casing 501, bcing e j ected 
through the silica powder nozzles 541 at the middle of 
the outer casing 501, and bcing carried by the hydrogen 
gas flow toward the oxygen gas nozzles. A top edge of 
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the silica powder nozzle is cut obliquely toward the 
periphery of the outer casing for securing a uniform flow 
of the silica powder along the outer casing 501. 

As described above, a part of the hydrogen gas 
deflected toward the center of the burner is mixed with 
the oxygen just after the ejection from the oxygen gas 
nozzles, an oxygen-hydrogen flame is formed near the 
oxygen gas nozzles. 

And thc The hydrogen gas ejected from the periphery 
of the outer casing 501 is also mixed with the oxygen gas 
ejected from the oxygen nozzles and an oxygen-hydrogen 
flame is formed. Therefore^ the burner of this invention 
is a combination of an outer mixing system and an inner 
mixing system, the width of the flame bccomc becomes wider 
than conventional burners, the thermal energy loss is 
reduced, and the heating area becomes larger, 
consequently_^ the thermal efficiency of the burner is 
greatly improved. 

Burner Example 2 

As shown in Fig. 12, the basic configuration of the 
burner is the same as the embodiment 1. The hydrogen gas 
guide 505 is extended to the periphery of the outer 
casing 501 so the hydrogen gas is introduced to a space 
between the silica powder nozzle 541 and the outer casing 
501. There is provided holes 550 in the hydrogen gas 
guide 505, the hydrogen gas, through which the silica 
powder nozzles 541 extend below the hydrogen gas guide 
505. The hole 550 diameter is larger than a silica 
powder nozzle diameter, a gap is formed therebetween. 
The hydrogen gas flows downward through the gaps forming 
a hydrogen envelope encapsulating the oxygen gas nozzles 
521 and the oxygen-hydrogen flame is generated. 
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And qIdo AIso, a part of the hydrogen gas deflected 
toward the center of the burner is mixed with the oxygen 
just after the ejection from the oxygen gas nozzles, an 
oxygen-hydrogen flame is formed near the oxygen gas 
nozzles . 

Burner Example 3 

As shown in Fig. 13 and Fig. 14, the oxygen gas 
supply tube and the hydrogen gas supply tube are double 
wall structures. At each lower end of an inner oxygen 
gas supply tube 523 and an outer oxygen gas supply tube 
524, there is providc provided a tapered oxygen gas 
chamber 525, 525 respectively, so the oxygen gas velocity 
flowing into the oxygen gas chamber is reduced like the 
burners of embodiment 1 and embodiment 2 and bcing e j ected 
from the oxygen gas nozzles disposed beneath the oxygen 
chambers . 

The silica powder from the silica supply tube 504 is 
divided into four via ring chamber 540 and is ejected 
uniformly into the outer casing 501 from the silica 
nozzles 541. 

The hydrogen gas supplied from the outer hydrogen 
supply tube 532 flows downward along the tapered wall of 
the outer oxygen gas chamber 526 to the periphery of the 
outer casing 501 and the silica ejected from the silica 
powder nozzle 541 is mixed with the hydrogen gas and 
dispersed in the hydrogen gas flow. The hydrogen gas is 
also supplied from the inner hydrogen supply tube 531 
disposed between the inner oxygen supply tube 523 and the 
outer oxygen supply tube 524 and it flows down along the 
tapered wall of the inner oxygen gas chamber 525, boing is 
introduced into gaps between the oxygen gas nozzles and 
finally boing ej ected , 
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In the method of oxygen-hydrogen flame method, it is 

preferable to makc have in the mixture_^^ a hydrogen excess 

condition as compared with the theoretical chemical 
ratio, because the manufactured quartz glass temperature 
is maintained so that the quartz glass melting is 
improvc improved , The atmosphere of the furnace becomes 
reduction condition r educing so that the exhaustion of the 
furnace material by oxidation is prevented. Therefore_^ 
the Hydrogen gas/Oxygen gas ratio may be 

prcf crable pref erably within a range of 2.1 to 2.5, more 
prof erable prefer ably 2.2 to 2.4. 

Production Example 1 

In the burner of embodiment 1, the oxygen gas nozzle 
diameter is (j) 6 mm, and the number of the nozzlo nozzles 
is 35. Silica powder is used as a raw material and the 
Hydrogen gas/Oxygen gas ratio in molc m oles is 2,3. 
Depositing thc The fused silica is deposited by the burner 
on a rotating target and lowcring the target lowered with 
a constant speed while rotating and a coulmb column ingot 
of (|) 480 mm x 900 mm is obtained. 

Production Example 2 

The burner of embodiment 2 is adapted as a main 
burnerT — Depositing the . The fused silica is deposited in 
a rotating container and further heating the deposit 
further heated with a oub burner of sub-burner using a 
Hydrogen gas/Oxygen gas ratio_^ in mole moles of 2.3, 
thereby extending the deposit toward the wall of the 
container and a slab ingot of 950 mm x 950 mm x 400 is 
obtained . 

The quarzt quart z glass ingots manufactured by 
^feteeproduction example examples 1 and 2 have no collective 
bubbles or a crown bubble, which makes the cup area of 
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the ingot top opaque, arc obocrvGd as observed, and as a 
result of the quality test, the strata or other features 
are e ethe same as or superior to the quartz glass 
manufactured using the conventional burners . 

The drawbacks of the conventional burners, that is, 
a blackish zone in the fusion spot, a bad fusion area_^ 
are all solved by the burner of this invention and the 
hydrogen gas can be uniformly supplied to the center of 
the burner, 

Further_^ the thermal efficiency of the burner is 
improved, the mean raw material supply rate can be 
increased^ which is conoidcr considered to be 1.0 to 10 
Kg/Hr^ depending on the use_^ and the scale of the quartz 
glass ingot- With the use of the improved burner of this 
invention, the raw material supply rate of 2.0 Kg/Hr is 
raised to 4.0 Kg/Hr7 — thcrcforQ the . Therefore, by a 
large scale slab quartz glass ingot can be manufactured 
with at a high productivity. 
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